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A novel method for x-ray topographic studies on crystal defects is developed by using 
simultaneous Bragg reflections in a double-crystal arrangement. More than one topographic 
image can be obtained simultaneously. One to one correspondence between the obtained images 
are observed. This method provides a means for shortening the time consumed in determining 
the direction of Burgers vector. 
PACS numbers: 61.10.Fr, 68.55. + b, 
Reflection type x-ray topography in a double-crystal 
geometry has been frequently used to examine crystal de-
fects in thin layered materials as well as on the surface of a 
bulk crystal. 1-4 It is usual, in the course of a topographic 
investigation, to take topographs from at least two different 
simple Bragg reflections.5 This is, however, rather time con-
suming. Owing to the nature of the multiple diffraction of x 
rays, simultaneous detection of diffracted images is, in prin-
ciple, feasible. In this paper we report that by using multiple 
Bragg reflections we are able to simultaneously obtain more 
than one topographic image of a crystal in a double-crystal 
arrangement. 
of incidence) and r = 22.18° (on the plane normal to the 
plane of incidence) to monitor the (115) reflected beam. As 
can be seen, the equatorial plane, CD [Fig. l(a)], parallel to 
(001) planes, represents the crystal surface. (111) and (333) 
are below and on this surface, respectively. They, referred to 
as transmitted and surface reflections, cannot be detected 
The experimental setup is shown schematically in Fig. 
1. A fine focus copper tube and (100) silicon single crystal 
were used as an x-ray source and a monochromator, respec-
tiely. The effective (point) focal size, 0.4 mm X 0.8 mm, gives 
a relatively better resolution in the vertical direction (normal 
to the plane of Fig. 1). The asymmetric (422) reflection of 
silicon was employed to obtain broad, parallel, and mono-
chromatic (CuKa 1) x-ray beams. The sample is a liquid 
phase epitaxial (LPE) (00 1) 1110.76 GIlo.24 ASO.38 P 0.62 (ac-
tive)llno.97 Gao.03 ASO.08 P 0.92 (buffer)/lnP (substrate) double 
heterostructure material. The thicknesses are 0.5,2, and 300 
f.lm for the active layer, buffer layer, and substrate, respec-
tively. The large (001) face has dimensions of7 mmX 8 mm. 
The buffer layer and substrate are lattice matched. The lat-
tice mismatches between the top active layer and the buffer 
layer are - 0.0170 A and - 0.0018 A in directions normal 
and parallel to the interfacial boundary.6.7 The LPE layers 
cover only an area of7 mm X 7 mm. The distances among the 
sample, monochromator, x-ray source, and a nuclear emul-
sion plate are indicated in the same figure. 
The experiment was performed by first aligning the 
sample for (006) reflection and then rotating it around (006) 
the crystal surface normal, to bring (111), (115), and (333) 
atomic planes simultaneously satisfying Bragg's law. A ge-
ometry of this 5-beam [(000), (006), (111), (115), and (333),] 
multiple diffraction in reciprocal space is shown in Fig. 2. To 
facilitate the crystal alignment for the 5-beam diffraction, a 
scintillation counter was placed at X = 31.66° (on the plane 
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FIG. I. Schematic representation of the experimental arrangement. 
The x-ray takeoff angle is 6'. 
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(b) (e) 
FIG. 2. Geometry of 5-beam mUltiple reflection of x rays in reciprocal 
space: (a) a projection on the plane of incidence, (b) top view of (a), (c) 
side view of (b). eB is the Bragg angle for the (006) reflection. 
from the same side of the (006) reflected beam. Only the (115) 
and (006) reflected beams can be recorded simultaneously on 
a nuclear emulsion plate. Figure 3 shows this recording ob-
tained with a nuclear plate perpendicular to the (006) reflect-
ed beam. The intensity variations of both the (006) and (115) 
reflected images exhibit the effect of crystal bending together 
with the interaction effectS among the diffracted beams. As 
can be seen, the (115) beam is more sensitive to the crystal 
bending than (006) because the (115) reflected beam is closer 
to the crystal surface. Although part of the (115) image is 
missing because of those effects mentioned above, the rest of 
the image reveals a one to one correspondence to the (006) 
image (see Fig. 4). The enlarged (X 50) (006) and (115) images 
show details about the border between the LPE region and 
the bare substrate portion. The relatively large black round 
contours and small white spots are due to the uneven distri-
FIG. 3. Topographic images (X2) of the (006) (the lower left) and (115) 
(the upper right) reflections. An I1ford G5 nuclear plate was used. 
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FIG. 4. The enlarged images (X 50) of the upper portion of the crystal, 
shown in Fig. 3. for (a) 006 and (b) 115 beams. The field width is 0.15 
mm. 
bution and the inhomogeneity of the InGaAsP melt, 
respectively. 
In conclusion, we have thus demonstrated that using 
mUltiple reflection makes possible a simultaneous recording 
of more than one topograph of a crystal. This may facilitate 
the determination of Burgers vectors.5 For thinner crystals 
with respect to the radiation used, both transmitted and re-
flected beams can be utilized for this purpose. Although this 
method demonstrated here is for reflection type topography, 
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it is equally applicable to the transmission type. It is also 
worth pointing out that to find many multiple diffractions 
for a given oriented crystal is an easy task.9 However, one 
should choose diffraction planes such that the reflected 
beams make angles with the crystal surface as close as possi-
ble to 90·. 
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